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Aِbstract 
 
This study was conducted to determine the effect of different levels of nitrogen 
fertilizers (0, 80, 160 kg N/ha) and times of harvest  (Tow, three and four months) on 
leaves and stages percentage and chemical composition of sweet sorghum. Data were 
statistically analyzed using completely randomized block design with 3×3 factorial 
arrangement. The results showed that, percentage of leaves was decreased with 
increased nitrogen levels, ranging from 58.78 at 160 kg N to 51.97% at 0 kg N. 
Moreover, it was decreased with increasing time of harvest, ranging from 77.23% at tow 
months to 41.55% four months. Crude protein content was increased significantly by 
increasing nitrogen level, from 4.92% at 0 kg N to 7.42% at 160 kg N. However, crude 
fiber content was decreased by increased by increased by increasing nitrogen level, 
from 32.76% at 0 kg N to 30.72% at 160 kg N. Crude protein and crude fiber were 
decreased with increasing times of harvest. 
In conclusion, increasing level of nitrogen fertilizer increased the crude protein 
and decreased the crude fiber content. Moreover, increasing the time of harvest more 
than two months adversely affects the quality of sweet sorghum as forage crop.    
  
  
  
  
  
  
  
  
  
  
  
  
  
  اﻟﺨﻼﺻِﺔ
  
ﻦ وزﻣѧѧﻦ اﻟﺤﺼѧѧﺎد ﻋﻠѧѧﻰ ﻧﺴѧѧﺒﺔ اﻷوراق واﻟﺴѧѧﻴﻘﺎن أﺟﺮﻳѧѧﺖ هѧѧﺬﻩ اﻟﺪراﺳѧѧﺔ  ﻟﻤﻌﺮﻓѧѧﺔ ﺗѧѧﺄﺛﻴﺮ اﻟﺘﺴѧѧﻤﻴﺪ ﺑѧѧﺎﻟﻨﺘﺮوﺟﻴ 
آﺠѧѧﻢ  061,08,0) ,ﺑﺎﺳѧﺘﺨﺪام ﺛﻼﺛѧѧﺔ ﻣﺴѧﺘﻮﻳﺎت ﻟﻠﻨﺘѧﺮوﺟﻴﻦ ( اﻟﻌﻨﻜﻮﻟﻴѧѧﺐ)واﻟﺘﺮآﻴѧﺐ اﻟﻜﻴﻤﻴѧﺎﺋﻲ ﻟﻌﻠѧѧﻒ  اﻟѧﺬرة اﻟﺴѧﻜﺮﻳﺔ 
  .3×3ﺗﻢ ﺗﺤﻠﻴﻞ اﻟﺒﻴﺎﻧﺎت ﺑﺎﺳﺘﺨﺪام اﻟﺘﺤﻠﻴﻞ اﻟﻌﺸﻮاﺋﻲ اﻟﻤﺘﻌﺪد اﻟﻌﻮاﻣﻞ ( هﻜﺘﺎر/ ﻧﺘﺮوﺟﻴﻦ
 061ﻋﻨѧﺪ اﺿѧﺎﻓﺔ % 87,85ﻳѧﺎدة اﻟﻨﺘѧﺮوﺟﻴﻦ ﺣﻴѧﺚ آﺎﻧѧﺖ اﻟﻨﺴѧﺒﺔ أﻇﻬﺮت اﻟﻨﺘﻴﺠѧﺔ ﻧﻘѧﺺ ﻓѧﻲ ﻧﺴѧﺒﺔ اﻷوراق ﺑﺰ 
هﻜﺘѧѧﺎر ﻧﻘѧѧﺺ ﻓѧѧﻲ ﻧﺴѧѧﺒﺔ اﻷوراق ﺑﺰﻳѧѧﺎدة زﻣѧѧﻦ / آﺠѧѧﻢ ﻧﺘѧѧﺮوﺟﻴﻦ  0ﻋﻨѧѧﺪ إﺿѧѧﺎﻓﺔ % 79,15آﺠѧѧﻢ ﻧﺘѧѧﺮوﺟﻴﻦ وأﺻѧѧﺒﺤﺖ 
  .ﻋﻨﺪ اﻟﺤﺼﺎد ﻓﻲ اﻟﺸﻬﺮ اﻟﺮاﺑﻊ% 32,77اﻟﺤﺼﺎد ﺣﻴﺚ آﺎﻧﺖ آﺎﻧﺖ اﻟﻨﺴﺒﺔ 
ﻋﻨѧﺪ % 29,4ﺎدة اﻟﻨﺘѧﺮوﺟﻴﻦ ﺣﻴѧﺚ آﺎﻧѧﺖ اﻟﻨﺴѧﺒﺔ أﻇﻬﺮت اﻟﻨﺘﻴﺠﺔ اﻷﺛﺮ اﻟﻤﻮﺟﺐ ﻓﻰ زﻳﺎدة ﻧﺴѧﺒﺔ اﻟﺒѧﺮوﺗﻴﻦ ﺑﺰﻳѧ 
  هﻜﺘﺎر /آﺠﻢ ﻧﺘﺮوﺟﻴﻦ  061ﻋﻨﺪ إﺿﺎﻓﺔ % 24,7هﻜﺘﺎر وأﺻﺒﺤﺖ /آﻴﻠﻮ ﺟﺮام ﻧﺘﺮوﺟﻴﻦ  0إﺿﺎﻓﺔ 
 0ﻋﻨѧﺪ أﺿѧﺎﻓﺖ % 67,23أﻇﻬﺮت اﻟﻨﺘﻴﺠﺔ ﻧﻘﺺ ﻓﻲ ﻧﺴﺒﺔ اﻷﻟﻴﺎف اﻟﺨﺎم ﺑﺰﻳﺎدة اﻟﻨﺘﺮوﺟﻴﻦ ﺣﻴﺚ آﺎﻧﺖ اﻟﻨﺴѧﺒﺔ 
  .هﻜﺘﺎر/آﺠﻢ ﻧﺘﺮوﺟﻴﻦ  061ﻋﻨﺪ إﺿﺎﻓﺔ  %27,03هﻜﺘﺎر وأﺻﺒﺤﺖ اﻟﻨﺴﺒﺔ /آﻴﻠﻮ ﺟﺮام ﻧﺘﺮوﺟﻴﻦ
  .أﻇﻬﺮت اﻟﻨﺘﻴﺠﺔ ﻧﻘﺺ آﻞ ﻣﻦ ﻧﺴﺒﺔ اﻟﺒﺮوﺗﻴﻦ اﻟﺨﺎم و ﻧﺴﺒﺔ اﻷﻟﻴﺎف اﻟﺨﺎم ﺑﺰﻳﺎدة زﻣﻦ اﻟﺤﺼﺎد
آﻠﻤѧѧﺎ زاد اﻟﻨﺘѧѧﺮوﺟﻴﻦ آﻠﻤѧѧﺎ زادت ﻧﺴѧѧﺒﺔ اﻟﺒѧѧﺮوﺗﻴﻦ اﻟﺨѧѧﺎم , ﻟﺨﺼѧѧﺖ اﻟﺪراﺳѧѧﺔ ﺑﺰﻳѧѧﺎدة آﻤﻴѧѧﺔ اﻟﺘﺴѧѧﻤﻴﺪ ﺑѧѧﺎﻟﻨﺘﺮوﺟﻴﻦ 
   .ﻋﻠﻰ ﺟﻮدة ﻋﻠﻒ اﻟﺬرة اﻟﺴﻜﺮﻳﺔ ˝زﻳﺎدة زﻣﻦ اﻟﺤﺼﺎد ﻳﺆﺛﺮ ﺳﻠﺒﺎ. ﻳﺔوﻧﻘﺼﺖ آﻤﻴﺔ اﻷﻟﻴﺎف اﻟﺨﺎم ﻓﻲ ﻋﻠﻒ اﻟﺬرة اﻟﺴﻜﺮ
 
 
 
 
 
 
 
 
 
 
 
  
CHAPTER ONE 
INTRODUCTION 
 
  Sorghum (Sorghum bicolor L. (Moench) can be classified as sweet, grain and 
forage types (Almodares , 2008, a). It is well adapted to sub-tropical and temperate 
regions of the world and it is water efficient (Almodares, 2008,b). Sweet sorghum has 
many good characteristics such as a drought resistance. Sweet sorghum usually is 
planted for sugar (Almodares,1996) and ethanol production (Gnansounoua, 2005) 
(Almodares, 2009) Thus development of sweet sorghum will play an important role in 
promoting the development of agricultural production, livestock husbandry (Fazaeli et 
al., 2006), energy sources (biofule) (Nahvi et al., 1994), refining sugar, paper making 
etc. 
Sorghum in addition of bening boor in quality is also low yielding due to non-
rationing ability there for to improve yield and quality of sorghum fodder. It essential to 
determine it is nitrogen requirement (Mohamed, 2002).The application of nitrogen not 
only affect the yield but also improve quality from view point it is protein contents 
(Mohamed and hamed, 1988). Nitrogen is essential for plants growth (Mosier, 2004) 
and it is still one of the major factors limiting crop yield (Zhao, 2005). The nitrogen 
requirement for crop production has traditionally been determined from field 
experimentation involving different rates of application of nitrogen fertilizer (Muchow, 
1998). 
  Variable responses to the application of nitrogen fertilizer have been observed in 
maize and in sorghum (Muchow, 1990). Application of nitrogen fertilizer increased 
sweet sorghum stem yield. (Johnston, 2000), (Mahmud et al. 2003) reported that  
theapplication of nitrogen increased crude protein, fodder and dry matter yield in forage 
sorghum. Fiber content has a negative relationship with palatability and digestibility of 
forges (Stevens, 1996) and as McDonald et al. (McDonald, 1991) reported that fiber 
content was decrease by application of nitrogen fertilizer. The purpose of this study was 
  
to determine the effects of different nitrogen levels and harvest time on the chemical 
composition ,stems and leave percentage of sweet sorghum. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
CHAPTER TWO 
Literature review 
2- 1 Origin 
Originally, Sorghum (Sorghum bicolor (L. Moench)) is found in Africa about 
5000 years ago. Ethiopia including adjacent areas of northeast of Africa is known as a 
source of genetic diversity in native sorghum in the world (Poehlman and Sleper, 1995). 
Most cultivated varieties of sorghum can be traced back to Africa, where they grow on 
savanna lands. During the Muslim Agricultural Revolution, sorghum was planted 
extensively in parts of the Middle East, North Africa and Europe. The name "sorghum" 
comes from Italian "sorgo", in turn from Latin "Syricum (granum)" meaning "grain of 
Syria".  Despite the antiquity of sorghum, it is arrived late to the Near East. It was 
unknown in the Mediterranean area into Roman times. Twenth century records indicate 
that it was widely grown in Iraq, and became the principal food of Kirman in Persia. In 
addition to the eastern parts of the Muslim world, the crop was also grown in Egypt and 
later in Islamic Spain. From Islamic Spain it was introduced to Christian Spain and then 
France (by the twelfth century). In the Muslim world, sorghum was grown usually in 
areas where the soil was poor or the weather was too hot and dry to grow other crops. 
(Watson, p, 12–14). 
Harlan and De Wet (1972) recognized 15 races of S. bicolor, 5 primary races 
(bicolor, guinea, caudatum, Kafir and Durra) and 10 intermediate races originating from 
the 10 possible hybrid combinations among the primary races (Bicolor- Guinea, 
Bicolor- Cundatum, …..etc) 
The five primary races of S. bicolor are identified as the following: 
1. Bicolor race: It is contains serveral subraces, primarily sorgos (sweet sorghum), 
broomcorn and sudan grass. 
2. Guinea race: It is grow for food in the savanna of West Africa. 
  
3. Caudatum race: It is grown in Nigerria, Chad, Sudan and Uganda, It consists of 
feterita and hegari types. 
4. Kafir race: It is the major race of East and South Africa. 
5. Durra race: It is grown in Ethiopia and the Middle East and includes variety 
milos.   
2- 2 Cultivation of sorghum 
Sorghum is a short day plant, but most of its forage varieties are insensitive to 
photoperiod. It is produced successfully on all types of soil, growth being dependent 
upon the relative soil fertility and moisture supply. It is adapted to a wide range of 
temperatures (13°C - 45°C) but it grows well at high temperatures.(Atif, 2006) 
Sorghum is use for food, fodder, and the production of alcoholic beverages. It is 
drought tolerant and heat tolerant and it is especially important in arid regions. It is an 
important food crop in Africa, Central America, and South Asia, and is the "fifth most 
important cereal crop grown (Daniel Zohary and Maria Hopf, 2000).   
2-3 Agronomy of Sweet sorghum  
Sweet sorghum cultivation and practices are simple and readily adoptable 
(Almodares et al., 1997b). It is a short – day plant (Almodares et al., 2000; Rezaie et al., 
2005), and most varieties require fairly high temperature (Reisi and Almodares, 2008) 
to make their best growth. The cereals (Tesso et al., 2005)  and tolerate a wide range of 
soil conditions (Almodares et al., 2008e). Sorghum tolerates compacted subsoil and can 
stand high press wheel pressure at planting. It tolerates a pH range of 5.0 to 8.5 (Smith 
and Frederiksen, 2000) and some degree of salinity (Almodares et al., 2007a, 2008a, 
2008c, 2008), alkalinity and poor drainage (Almodares et al., 2008e). Ialso will grow on 
heavy, deep cracking vertisols and light sands (Smith and Frederiksen, 2000). The seed 
of sweet sorghum should be planted deep enough to give it moisture to germinate and 
  
allow its roots to grow down through moist soil into subsoil moisture, ahead of the 
drying front (Almodares et al., 2008e). 
Planting time (Almodares and Mostafafi, 2006) usually start when the air 
temperature is above 12°C (Almodares et al., 2008e). Late planting reduces the length 
of the growing season; yield and carbohydrate content (Almodares et al., 1994a). Also, 
it may cause late and troublesome harvest and may expose the crop to pests and diseases 
and other hazards which are dominant at the end of the crop season (Almodares et al., 
2008e). Balanced fertilization can increase yield (Rego et al., 2003). Nitrogen fertilizer 
and its application time (Almodares et al., 1996) promotes sucrose content and growth 
rate in sweet sorghum (Tsialtas and Maslaris, 2005). Application of adequate amounts 
of K fertilizer increase yield responses than increasing levels of nitrogen fertilizer alone 
(Pholsen and Sornsungnoen, 2004; Almodares and Mostafafi, 2006; Almodares et al., 
2006; Almodares et al., 2008d; Fazaeli et al., 2006) Sweet sorghum is harvested at milk 
stage (Ranjbar and Almodares, 2002; Almodares et al., 2007b). Experiment crop can 
withstand periods of drought better than most potential for sweet sorghum production 
can be increased through selection and development of adapted cultivars. (Almodares 
and Sepahi, 1996). 
2.3.1 Characteristics of sweet sorghum 
Among the plants, sweet sorghum has the following characteristics (Almodares 
et. al., 2008e): 
i) It is an efficient converter of solar energy, as it requires low inputs and yet, a high 
carbohydrate producer. 
ii) As a drought-tolerant crop with multiple uses. 
iii) It has a concentration of sugar which normally varies between 12 - 21%, directly 
fermentable (that is, no starch to convert). 
iv) It can be cultivated in temperate, subtropical and tropical climates. 
  
v) All components of the plant have economic value - the grain from sweet sorghum can 
be used as food or feed, the leaves for forage, the stalk (along with the grain) for fuel, 
the fiber (cellulose) either as mulch or animal feed and with second generation 
technologies even for fuel. 
vi) Its bagasse, after sugar extraction, has a higher biological value than the bagasse 
from sugarcane, when used as feed for animals. 
vii) Its growing period is shorter (3- 5 months) than that of sugarcane (10-12 months), 
and the quantity of water required is 1/3 of sugarcane. 
viii) In tropical irrigated areas sweet sorghum can be harvested twice each year (by 
ratooning) and its production can be completely mechanized. 
ix) It has some tolerance to salinity. 
x) It can produce large quantities of both readily fermentable carbohydrate and fiber per 
unit land area. 
2.3.2 Uses of sweet sorghum 
In large areas of the old world, such as Europ, from south Africa to China and in 
America from the great plain of United sates and also in Australia, sorghum is an 
important food and feed grain crop. In the west, sorghum was used mainly for live stock 
and poultry feed, while in Asia and Africa the grain is utilized for human consumption 
and the rest of the plant as fodder. In many areas some varieties were grown for the 
manufacture of syrup and molasses and some type of grain in Europ and America had 
become the raw material for the very complex chemical industry. 
Sorghum was grown for grain, forge, silage broom corn, pasture, starch and syrup 
(Robrt and Hertel, 1983). 
The stalks constitute an important part of animal fodder in the Sudan. The stalks 
are used as a building material for huts and are also used for making mats for various 
purposes such as that ches and fences for the huts. (Miller, 1978). Peacock and Wilson 
(1984) showed that some selections of bicolor are grown for their sweet stems while in 
Africa others are used for brewing. Matain et al. (1967) said that sorgo (Sweet sorghum) 
  
is grown for forage, silage and syrup. Elbasam et al. (1990) reported that sorghum in 
general are used to produce starch, acids, vitamins, fiber and cellulose.   
  Sweet sorghum (Sorghum bicolor (L. Moench)) is the only crop that provides 
grain and stem that can be used for sugar, alcohol, syrup, jaggery, fodder, fuel, bedding, 
roofing, fencing, paper and chewing. It has been used for nearly 150 years to produce 
concentrated syrup with a distinctive flavour (Schaffert, 1992). Sweet sorghums have 
also been widely used for the production of forage and silage for animal feed. The oil 
crisis of 1973 and 1976 renewed interest in the commercial production of sweet 
sorghum for biological transformation into ethyl alcohol for use as fuel or fuel additive. 
(Schaffert, 1982). It has been reported that pulps of sweet sorghum lines can be used for 
the manufacture of fine quality writing and printing paper as well as corrugated and 
solid particle board (Hallgren, 1992).  
There are many crops available for producing energy such as sweet sorghum 
which not only produce food (Anglani, 1998), but also energy (Reddy et al., 2005), feed 
(Almodares et al., 1999; Fazaeli et al., 2006) and fiber (Murray et al., 2008a,b). Thus 
development of sweet sorghum will play an important role in promoting the 
development of agricultural production, livestock husbandry (Fazaeli et al., 2006), 
energy sources (biofule) (Nahvi et al., 1994a, b), refining sugar, paper making etc. 
Carbohydrates, which are present in sweet sorghum, can be nonstructural such as 
sugars and starch, or structural such as cellulose, hemicellulose, and pectic substances 
(Anglani, 1998). The chief sugars present in sorghum kernels are the monosaccharides 
glucose and fructose, Saccharin-type sweet sorghum, which mainly contains sucrose, 
can be used for refining crystal sugar. Syrup type sweet sorghum, which mainly 
contains glucose, can be used for producing syrup. It seems that using carbohydrates in 
the stalk (sucrose and invert sugar) is suitable for ethanol production for biofuel because 
these carbohydrates are easily converted to ethanol. Although, ethanol can be produced 
from sweet sorghum grain, but it needs more process for converting it's starch to 
glucose that later will be converted to ethanol (Jacques et al., 1999). In addition, the 
produced baggas after juice extraction can be used for ethanol production (Jacques et 
  
al., 1999) or animal feed (Jafarinia et al., 2005). Addition, the grain can be used for 
production of high fructose syrup (Hosseini et al., 2003) and animal feed (Ebadi et al., 
1997; Azarfa et al., 1998). Therefore, sorghum is an excellent crop for biomass 
production. The high nonstructural carbohydrate content of its vegetative biomass can 
be fermented to methane or ethanol (Reddy et al., 2005). 
2.3.3 Sweet Sorghum’s Advantages 
It has high positive energy balance, producing about 8 units of energy for every 
unit of energy invested in its cultivation and production, roughly equivalent to 
sugarcane but four times more than for corn. Only 0.8 unit of energy is produce in fossil 
fuel production for every unit invested.  Sweet sorghum hybrids have almost equal 
yields of grain as from grain sorghum hybrids and significantly higher stalk yields, so 
“food production would not be forfeited by switching from regular sorghum to sweet 
sorghum,” says ICRISAT sorghum breeder Dr. BVS Reddy. Improved sweet sorghum 
technology could even raise sorghum grain production significantly. 
It is also easier and cheaper to grow sweet sorghum than other biofuel crops in 
India. Sweet sorghum grows on “free” rainwater, whereas sugarcane requires costly 
irrigation. Sweet sorghum is also more water-efficient: sugarcane consumes two and a 
half units of water to produce one unit of ethanol, whereas sweet sorghum produces one 
unit of ethanol from one unit of water. Some recent reports have raised concerns that the 
cultivation of certain biofuel crops produces more greenhouse gases than is being saved. 
This is less likely to be the case for sweet sorghum, although research is need to assess 
this carefully. Sweet sorghum is grow on already-farmed drylands that are low in carbon 
storage capacity, so the issue of clearing rainforest, of great concern for oil palm and 
sugarcane, does not apply. 
Sweet sorghum will not replace sugarcane in parts of the developing world where 
those crops are well establish, emphasizes Dr. Reddy. However, the need for irrigation 
and high rainfall makes it difficult to expand sugarcane production without moving into 
ecologically sensitive areas like rainforests. Sorghum is the world’s fifth largest grain 
crop—behind rice, corn, wheat and barley. It is grow on more than 42 million hectares 
  
(107 million acres) in 99 countries. United States, Nigeria, India, China, Mexico, Sudan 
and Argentina are the leading producers. 
Improved varieties for greater yield 
Scientists from ICRISAT and from India’s National Research Centre for 
Sorghum (NRCS) have developed varieties of sweet sorghum that would contribute to a 
reliable and steady supply of sweet juice for ethanol production.  Until recently, lack of 
steady sorghum feedstock throughout the year has constrained India’s efforts to expand 
ethanol production. ICRISAT`s current efforts are to help provide a consistent supply 
by developing photoperiod and temperature-insensitive hybrids (flowering and maturity 
less influenced by day length and temperature changes) that can be planted any time 
during the year. 
The plant thrives at daytime temperatures of 90 degrees Fahrenheit. However, in 
temperate climates, sorghum farmers rarely get more than one crop a year . It is also 
easier and cheaper to grow sweet sorghum than other biofuel crop. Ethanol produced 
from sweet sorghum is carbon neutral. The carbon dioxide fixed during the growing 
cycle offsets the carbon dioxide produced during crop production, processing, and 
ethanol utilization. In addition, since sweet sorghum thrives on marginal lands, the need 
to clear rainforests or use productive cropland is reduced. 
Sweet sorghum will not replace sugar cane in parts of the developing world 
where those crops are well establish, emphasizes Dr. Reddy. However, the need for 
irrigation and high rainfall makes it difficult to expand sugar cane production without 
moving into ecologically sensitive areas like rainforests. (Seed quest, 2008) 
2.4 Inorganic fertilizer (synthetic fertilizer) 
The use of synthetic nitrogen fertilizers has increased steadily in the last 50 years, 
rising almost 20-fold to the current rate of 1 billion tonnes of nitrogen per year (Glass, 
2003). The use of phosphate fertilisers has also increased from 9 million tonnes per year 
in 1960 to 40 million tonnes per year in 2000. A maize crop yielding 6-9 tonnes of grain 
per hectare requires 30-50kg of phosphate fertiliser to be applied, soybean requires 20-
25kg per hectar (Vance, 2003) 
  
2.4.1 Fertilizer requirements 
These will be determining by soil type and rainfall. A basic dressing of NPK may 
be required, and the crop usually responds well to additional dressings of nitrogen 
during growth. Fallowed black clay may not need fertilizer. Rotation with a leguminous 
crop can give low-cost fertility build-up, for example, gum arabic (Acacia senegal) in 
the Sudan. Asher and Cowie (1974) showed that the effect of nitrogen deficiency on 
grain yield is greatest when the deficiency occurs early in the growing season. Low 
grain protein results when nitrogen deficiency occurs between anthesis and maturity. 
(FAO. org). 
Fertilizer requirements for sweet sorghum depend on the fertility levels of the 
field in which it is grown. Soil tests should be taking to determine what kind and 
amounts of fertilizer should be use. Nitrogen is particularly need on most soils and 
exerts the greatest effect on yields.  Clay soils may produce a good sweet sorghum crop 
with a moderate amount of fertilizer. Sandy soils may require more fertilizer for good 
growth. Apply lime to soils that have a pH below 6.0 to correct soil acidity. Lime 
requirements are similar to those for corn. 
The basic recommendation on a well-drained silt loam soil with a medium 
fertility soil test, level is to use a standard fertilizer with a 1:1:1 ratio to supply 
approximately 40 lb each of nitrogen (N), phosphate (P2O5), and potash (K2O) per acre. 
Do not increase rates to over 50 lb/acre on low fertility soils. On high fertility soils, only 
nitrogen (not over 40 lb/acre) is required. Do not make heavy applications of manure 
just before planting and do not use additional fertilizer as a sidedress. Fertilizer should 
be broadcast and disked in before planting. (Morris). 
2.4.2 Nitrogen requirement  
Nitrogen is a major element that is essential for synthesis of amino acids, nucleic 
acids and some organic acids etc… which is necessary for plant growth and 
development and its limits reduce yield (Zhao, 2005). 
The nitrogen requirement for crop production has traditionally been determined 
from field experimentation involving different rates of application of nitrogen fertilizer 
  
(Muchow, 1998). Variable responses to the application of nitrogen fertilizer have been 
observed in maize and  sorghum (Muchow, 1990) owing to differences in climatic, soil 
and genotypic factors across seasons and locations (Muchow, 1998). Who also 
mentioned that, nitrogen requirement is dependent on the yield expectation in a given 
environment as determined by climate, management and cultivar. Depending on soil 
nitrogen fertility, farmers apply nitrogen fertilizer dose 45 and 224 kg N/ha in sorghum 
production (Zhao, 2005). Although adequate supply of nitrogen to crops is fundamental 
to optimize crop yields, mismanagement of nitrogen, such as excessive nitrogen 
application, can result in contamination of groundwater (Jaynes, 2001). Mengel and 
Kirkby (2001) mentioned that corn and sorghum yield would have dropped by 41% and 
19%, respectively, without nitrogen fertilizer application.  
2.4.3 Application of nitrogen fertilizer 
The amount of nitrogen application is depending on soil fertility, soil  texture, 
plant species and environmental factors. (Almodares, Jafarinia and Hadi,2009). 
Application of nitrogen fertilizer increase sweet sorghum stem yield (19) and corn 
fodder (Cox, 2001). Application of nitrogen increased crude protein, fodder and dry 
matter yield in forage sorghum (Mahmud et al. 2003). They also mentioned that plant 
nutrition might not only affect the forage       production but also improve the quality of 
forage from viewpoint of its protein   contents (Mahmud et al. 2003). Nitrogen fertilizer 
increased forge protein    content in corn (Mullins et al. (1998) . Where nitrogen levels 
are limiting, photosynthesis is not fully use in the synthesis of organic nitrogen 
compounds and sugars are accumulate. (Karic, 2005). Fiber content has a negative 
relationship with palatability and digestibility of forges (Stevens, 1996) and as 
McDonald et al. (McDonald, 1991) reported that fiber content was decrease by 
application nitrogen fertilizer. Application of nitrogen fertilizer decreased soluble 
carbohydrates content in sorghum (Sumner, 1995). 
 
 
 
  
2.4.4 Problems of inorganic fertilizer 
Trace mineral depletion 
Many inorganic fertilizers do not replace trace mineral elements in the soil, which 
become gradually depleted by crops. This depletion has been linke to studies, which 
have shown a marked fall (up to 75%) in the quantities of such minerals present in fruit 
and vegetables (Lawrence, 2004).  However, a recent review of 55 scientific studies 
concluded, there is no evidence of a difference in nutrient quality between organically 
and conventionally produced foodstuffs. (Dangour et. al, 2009). Conversely, a major 
long-term study funded by the    European Union   (BBC News, 2007) (Butler, 2008) 
(Lehesranta, 2007) found that organically- produced milk and produce were 
significantly higher in        antioxidants (such as carotenoids and alpha-linoleic acids) 
than their conventionally grown counterparts. 
2.4.5 Effect of nitrogen replication on chemical composition of sweet sorghum 
2.4.5.1 Dry Matter 
Application of nitrogen significantly affected the dry matter yield. Dry matter 
yield was increased significantly at each increased rate of nitrogen   (Muhammad 
,2002). The significant effect the nitrogen levels on dry matter yield (Ahamed, 1999) 
and (Ali, 2000)). Harvesting time also significantly affected dry matter yield 
(Muhammad, 2002). According to Patel et al. (1994) dry matter yield was increased 
with increased nitrogen application from 40 to 120 kg ha-1.  
2.3.5.2 Crude Protein  
Crude protein contents were significant influenced by different nitrogen level. A 
significant increased in crud protein contents were observe at each    increased levels of 
nitrogen has also been by Muhammad, Muhammad, Asif and Azhar, (2002). Increased 
in curde protein with nitrogen replication has also been reported by Ahamed, (1999) and 
Ali, (2000). The crude protein contents were also influence significantly by different 
harvesting time. The curd protein     contents were decrease as the period before harvest 
was extending (Muhammad, Muhammad, Asif and Azhar, 2002). Crude protein content 
was increased significantly by increasing nitrogen fertilizer level (Almodares, Jafarinia 
  
and Hadi, 2009). The increase in protein content with nitrogen fertilization is inline with 
the finding of Shinde et al. (1993), Ayub et al. (1999) and Mahmud et al. (2003). The 
increase in protein contents with increasing in fertilizer levels may be the result of 
enhancement in amino acid formation due to fertilization. The nitrogen application not 
only affects sorghum forage production but also improve its quality from viewpoint of 
protein contents (Patel, 1994). Therefore, it increase digestibility of the plants. In 
addition, the amount of protein was increased with application of nitrogen, which 
increased the quality of the fodders. Thereby, by application of nitrogen both quality 
and digestibility of the fodder increased (Almodares. Jafarinia and  Hadi, 2009). 
2.3.5.3Crude Fiber  
As the amount of nitrogen increase the amount of fiber decreased but the 
reduction at 100-200 Kg/ha urea was not significant. (Patel et al, 1994). They observed 
that crude fiber contents were decrease with increasing nitrogen rate. 
The fodder having less crude fiber percentage is considered a good quality   because 
higher the crude fiber percentage lesser will be digestibility. Therefore, because the 
application of nitrogen decreased fiber content so it increased  digestibility of the plants. 
Sweet sorghum fiber content decreased as the amount of nitrogen increased. Therefore, 
it seems that application of nitrogen fertilizer improves the quality of sweet sorghum 
forage due to reduction of fiber content has also been reported by ( Almodares. Jafarinia 
and Hadi, 2009). 
2.3.5.4 Neutral Detergent Fiber  
Nitrogen application significantly affected the neutral detergent fiber.The 
maximum  neural detergent fiber concentration was recorded in control plots  and it 
decreased with increased nitrogen levels has also been reported byMuhammad, 
Muhammad, Asif and Azhar, (2002). 
2.3.5.5 Ether Extract  
Ether extractable fat concentration was increase with increased nitrogen levels. 
Ether extract was decreased with advancement in maturity and all      harvests differed 
  
significantly from each other (Muhammad, Muhammad, Asif and Azhar, 2002). 
Decrease in fat content with delayed harvesting (Bajwa et al, 1983). 
 
2.3.5.6 Total Ash 
The total ash content was significant influenced by nitrogen levels and harvesting time 
(Muhammad, Muhammad, Asif and Azhar, 2002). Increase in Ash with nitrogen 
application (Ayub et al, 1999).  Ash content was decrease with delayed harvesting 
(Muhammad, Muhammad, Asif and azhar, 2002). 
2.5 Improvement of forage sorghum 
Any successful forge sorghum breeding programmed must imply the   following 
objective: (Atif, 2006). 
-Development of stable inbred lines, this can be achieved by selection for     vigorous 
tall growing plants, quick recovering after the crop has been cut, greater seedling vigor 
to ensure stais factory stands under competitive conditions of inter cropping systems 
and plants with leafy and juicy stems and good tillering capacity.  
-improvement of forage quality, which can be achieved by selection for sorghum 
characterized by greater nutrient values, low hydrocyanic acid contents, higher levels of 
palatability, succulent leaves, higher leaves to stems ratios, non –hairy leaves stay green 
and resistance to leaf shedding. 
- Resistance to insects, parasitic weeds and diseases. 
All sorghum species contain cyanogenic glycoside called dhurrin, which can be 
broken down by enzyme action into prussic or hydrocyanic acid (HCN), which is toxic, 
Toxicity varies among sorghum. Sudan grass has low levels of prussic acid and rarely 
kills animals. Sorghum has the highest levels and       sorghum Sudan grass hybrids are 
intermediate. The values of HCN proposed to be poisonous in sorghum were more than 
the level of 200 mg/kg Dry matter. 
The amount of HCN decreases in silage, dry fodder, when the plants  handled in 
feed and when the maturity of green plants approaches. 
  
HCN content in sorghum is heritable and subject to modification by selection and 
breeding as well as by climate, stage of maturity, stunting of plants, type of soil and 
fertilizer (Hughes et al, 1953, Khatri et al., 1997, Carvalho et al., 1998 and Bowman et 
al., 2000). 
2.6 Forge Sorghum in the Sudan  
In Sudan, sorghum cultivars called Ankolibe are cultivated for their sweet stalks, 
in Sudan sweet sorghum was grow in many areas such as Grdareaf, The Blue Nile, west 
of Sudan and Geziera. In general, in Sudan and nearby all Ethiopia and Eritrea sorghum 
is the only major cereal crop that can be grow without irrigation.  
As many areas of Sudan are arid and as there is no irrigation water   available in 
many areas, sweet sorghum could have a good potential in these areas as it the only 
sweetener that can be produced in areas that are dry for most of the year and receive 
limited rain full during a relatively short rainy season. Tonnage growth per month and 
growth sugars per unit of rainfall or irrigation water is substantially higher than for 
sugar cane (Schaffer, 1996).  
The area under forage crops has recently witnessed a rapid increase to meet the 
growing need for animal products. In Khartoum State (according to statistics of the 
Ministry of Agriculture, 2006), forage crops represent around 80 % of the total area 
cultivated, the majority of which was cropped to the          traditional type Abu Sab'in 
(Sorghum bicolor (L. Moench)). Abu Sab'in, though merited by high productivity and 
vigor in growth, is known to have poor quality attributes because the stalksare dry, non 
sweet and sparsely leafed (Mohammed, 2008). Such characters are naturally available in 
‘Ankolib’, a local type of sweet sorghum. It is a mixed land race variety grown not for 
fodder, but for chewing the juicy sweet stem, whereas in other parts of the world, sweet 
sorghums are highly recognized for forage production. Ankolib is Adurra-bicolor             
characterized by sweet stalk just like sugar cane (Rao Parasada, 1979). It is rarely 
mentioned in the literature as a forage crop. Previous research work on Ankolib, Abu 
Sab’in and some introduced sweet sorghum cultivars indicated that Ankolib was less 
productive than Abu Sab’in. (Kambal, 1972) However, being highly mixed land race 
  
variety, selection within Ankolib population for high forage yield while retaining its 
desirable quality attributes (leafiness,   juiciness and sweet stems) would result in 
identification of lines with better yield and quality than Abu Sab'in and/or the original 
stock. During the          past decades, breeding efforts in the Sudan were directed 
towards improving grain types and very little attempts have been exerted to develop 
very little attempts have been exerted to develop improved forage types (Mohammed, 
2008). Considering the pressing need to diversify the present production system with 
variable forage types and the lack of research efforts undertaken to exploit the immense 
variability among Sudanese sorghums, a research program was  initiated at Shambat 
Research Station in 2001 to develop improved forage    sorghum types by selection 
within local stocks.   
2-7 Problems facing forge sorghum production in the Sudan  
Although, many workers stated the importance of sorghum as grain crop in the 
Sudan, the information on its importance as a forge crop is meager (El Ahmadi et al., 
2003). 
Lack of hybrid with high yield, good quality and well adapted to Sudan 
environments is the most important problem facing forage sorghum production in the 
Sudan. Mohammed (2004) stated that very few efforts have been exert to develop 
improved forage cultivars from the local stocks. In addition, no evidence in the 
literature pointing to the release of locally developed forage hybrid was only confined to 
introduction and testing of the exotic hybrids. Khir, (1999) reported that  shortage in 
forage seeds, poor knowledge about forage sorghum production technique among 
farmers, the method of making up forage sorghum into silage or hay are another 
problems need to be solved. 
Forage sorghum productivity is just 4% of the total production of the irrigated 
green forages in Sudan (Khair, 1999). However, the traditional animal production sector 
in sudan depends on natural range, which had been threatened by the encroachment of 
mechanized crop production schemes, seasonal bush fires, excessive use around 
watering sites and drought. Therefore, in such environment of scarce and unpredictable 
  
rain fall and other mentioned adverse factors, it is necessary to convert a large part 
cultivatable land into irrigated schemes for forage production (Khair, 1999). 
 
 
CHAPTER THREE 
Materials and methods 
3-1 The study area 
The study was done in Faculty of Animal Production, Department of Animal 
Nutrition, and University of Khartoum.  
Four replicates of sweet sorghum were treated by three nitrogen levels (0N, 
80N1, 160N2, kg  / ha) were used in this experiment. 
 
3- 2 Samples collection 
Samples were harvest in three different months, July, August, and September, 
(2009). Samples were dried by aerobic and finally in the oven at 105°C for 24 hours, 
after that leave and stems were weighed to know the ratio. Samples were grinded by a 
hummer mill. 
 
3- 3 Chemical analysis  
Dry matter, crude protein, crude fiber, Ether extract, ash and neutral detergent 
fiber were determined by using methods according to AOAC (1980).  
 
3-4 Statistical analysis 
Data were statistically analyzed using complete randomize block design with 3×3 
factorial arrangement using SAS computer program and least significant difference (L S 
D) was used for mean separation. 
 
 
 
  
CHAPTER FOUR 
Results and Discussion 
Table (1) Effect of nitrogen levels and time of harvest (monthly) on the chemical 
composition (%) of sweet sorghum. 
 
NDF EE CF CP Ash DM Fertilizer 
72.24ab 1. 1a 32.76a 4.92b 9.71a 93.44a 0N 
74.48a 1.89a 31.27b 5.86b 8.18b 93.3ab 1N 
70.62b 1.78a 30.72b 7.42a 8.82ab 93.12b 2N 
1.08 0.07 0.41 0.49 0.35 0.09 SE 
      Stage 
74.08a 3.19a 34.98a 10.8a 10.63a 92.9b 1 
69.72a 1.17b 29.46b 4.34b 7.07b 93.12b 2 
73.53b 1.21b 30.30b 3.07c 9.02c 93.82a 3 
1.08 0.07 0.41 0.49 0.35 0.09 SE 
 
       SE: stander error            
       Stage: harvest 
       N: nitrogen 
      a,b,c and d: Means not sharing common superscript letter are significantly different 
(p≤ 0.05) 
 
 
 
 
 
  
Table (2) Effect of nitrogen levels and time of harvest (monthly) on percentage leaf and 
stems (%) of sweet sorghum. 
Stem Leaf Fertilizer 
41.23a 58.78a 0N 
44.31a 55.69ab 1N 
48.03a 51.97b 2N 
2.11 2.11 SE 
  Stage 
22.7b 77.23a 1 
58.47a 41.55b2 
52.33a 47.67b 3 
2.11 2.11 SE 
 
       SE: stander error 
       Stage: harvest 
        N: nitrogen 
       A,b,c.and d: Means not sharing common superscript letter are significantly different 
(p≤ 0.05) 
 
 
 
 
 
 
 
 
 
  
The results showed that the effect of nitrogen levels and times of harvest on the 
chemical composition of sweet sorghum were significant at 5% (table 1). In addition, 
The results showed that the effect of nitrogen levels and times of harvest on stem and 
leave ratios were significant at 5% (table2). 
4.1 Dry Matter  
Dry matter content decreased by increasing nitrogen levels. Dry matter content at 
0 N percent (93.44) was higher than other nitrogen treatments. There were not 
significant differences among nitrogen treatments. Dry matter content increased by 
increase time of harvest. Dry matter range (93.82%- 92.90%)     (table1). 
Application of nitrogen significantly affected the dry matter yield. dry matter 
yield was increased significantly at each increased rate of nitrogen    (Muhammad,2002) 
.The significant effect the nitrogen  levels on dry matter yield (Ahamed, 1999) and (Ali, 
2000). Harvesting time also significantly       affected dry matter yield (Muhammad, 
2002). 
4.2 Total Ash  
Ash content was influenced with nitrogen levels, rang of ash           (9.71% – 
8.18%)(table1). Ash content was decrease with increased time of harvest, range of Ash 
(10.6 %– 7.07%)(table1). 
The total ash percent was significant influenced by nitrogen levels and harvesting 
(Mohammad, Mohammad, Asif and Azhar2002). An increased in ash with nitrogen 
application (Ayub et al 1999). Ash percent decreased with delayed harvesting 
(Muhammad, Muhammad, Asif, and Azhar ,2002). 
4.3 Crude Protein 
Crude protein content was increase significantly by increase nitrogen  levels, the 
crude protein content range (4.92% – 7.42%) (table1).Crude protein content was 
decreased by increasing time of harvest, rang of crude protein (10.8% – 3.07%) (table1).  
The highest crude protein content was found in stage one while the lowest was found in 
stage three. Crud protein contents were significant influenced by different nitrogen 
levels.  
  
A significant increased in crud protein contents were observe at each increased 
levels of nitrogen (Muhammad, Muhammad, Asif and Azhar. 2002).  Increased in crude 
protein with nitrogen replication (Ahamed,1999) and (Ali, 2000). The crurde protein 
contents were also influenced  significantly  by      different harvesting time.The crude 
protein contents were decreased as the     period before harvest was extended 
(Muhammad, Muhammad, Asif and Azhar, 2002). Crude protein content was increased 
significantly by increasing nitrogen fertilizer level (Almodares, Jafarinia and 
Hadi,2009). The increase in protein content with nitrogen fertilization is inline with the 
finding of Shinde et al. (1993 ), Ayub et al. (1999 ) and Mahmud et al. (2003 ). The 
increase in protein contents with increasing in fertilizer levels may be the result of 
enhancement in amino acid formation due to fertilization. The nitrogen application not 
only    affects sorghum forage production but also improve its quality from viewpoint of 
protein contents (Patel, 1994). 
Therefore, it increase digestibility of the plants. In addition, the amount of protein 
was increase with application of nitrogen, which increased the quality of the fodders. 
Thereby, by application of nitrogen both quality and digestibility of the fodder 
increased. (Almodares,  Jafarinia and Hadi, 2009). 
4.4 Crude Fiber 
Crude Fiber content was decrease by increased nitrogen levels, range of crude 
fiber (32.76% – 30.72%) (Table1). 
Crude Fiber content was decreased by increased time of harvest, range of crude 
fiber obtain (34.98% – 30.30%) (table1). 
As the amount of nitrogen increased the amount of fiber content dcreased. The 
fodder having less crude fiber percentage is considered a good quality     because higher 
the crude fiber percentage lesser will be digestibility. Therefore, because the application 
of nitrogen decreased fiber content so it increased digestibility of the plants. In addition, 
The amount protein was increase with application of nitrogen, which increased the 
quality of the fodders. Thereby,      application of nitrogen both quality and digestibility 
of the fodder increased Sweet sorghum fiber content decreased as the amount of 
  
nitrogen increased. Therefore, it seems that application of nitrogen fertilizer improves 
the quality of sweet sorghum forage due to reduction of fiber content (Almodares, 
Jafarinia, and Hadi, 2009). 
4.5 Ether Extract 
Ether Extract content was increased with increased nitrogen levels, rang of ether 
extract (1.1% – 1.89%) (table1). 
Ether Extract content was decreased with increased time of harvest, range of ether 
extract (3.19% – 1.17 %) (table1). 
Ether extractable fat concentration  was  increased  with increased nitrogen levels 
.ether extract was decreased with advancement in maturity and all harvests differed  
significantly from each other  (Muhammad , Muhammad , Asif and Azhar, 2002). 
Decreased in fat content with delayed harvesting  (bajwa et al, 1983). 
4.6 Neutral Detergent Fiber 
Neutral Detergent  Fiber content was influence with increased nitrogen levels. It 
decreased in control ,increased in level one of nitrogen and decreased in level tow of 
nitrogen , range of Neutral Detergent  Fiber ( 74.48%,70.62%) (Table1). 
Neutral detergent fiber content was decreased with increased harvest time, range 
of NDF (74.08% – 6972%) (Table 1). 
Nitrogen application significantly affected the neutral detergent fiber. The 
maximum neural detergent fiber concentration was recorded in control plots and it 
decreased with increased nitrogen levels (Muhammad, Muhammad, Asif and Azhar, 
2002). 
 
 
 
 
 
 
 
  
4.7 Stems and leave 
Presenting of leave was decreased with increased nitrogen levels, range of leave 
(58.78% - 51.97%) (Table2). Presenting of leave was decreased with increased time of 
harvest, range of leave (77.23% -41.55%) (Table2). 
 Presenting of stem no influence with increased nitrogen level, range of stem (48.o3 %-
41.23 %) (Table 2).  Ratios of stem was increased with increased time of harvest rang of 
stem (58.47%. 22.78%) (table2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
CHATER FIVE 
Conclusion and Recommendation 
 
Application of nitrogen fertilizer increased the amount of forage protein content 
and decreased the fiber content in sweet sorghum. Therefore, it seems that application 
of nitrogen fertilizer could increase palatability and digestibility of sweet sorghum. 
It is suggest applying application of nitrogen fertilizer because the highest protein 
content and the lowest fiber content an essential component of increased fodder to the 
animal. 
The results of the present study show that sweet sorghum might represent a good 
acceptable source of energy for ruminants. 
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